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[57] ABSTRACT 
An improved process is disclosed for preparing aro 
matic ?uorides by diazotization-?uorination in hydro 
gen ?uoride wherein the diazotized reaction mixture 
includes an oxidizing agent such as nitrosonium ion 
from excess diazotization agent. The improvement in 
cludes, prior to decomposing the diazonium ?uoride, 
adding to the diazotized reaction mixture a member 
selected from hydrazine, aromatic hydrazine, semi-car 
bazide, thio-semicarbazide, acid salts thereof, sulfur 
dioxide, sodium sulfate, and sodium bisul?te to remove 
at least a portion of the oxidizing agent. Urea was found 
to be ineffective. 

15 Claims, No Drawings 
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PROCESS FOR PREPARING AROMATIC 
FLUORIDES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation-in-part of the application Ser. 
No. 034,351, ?led Apr. 6, 1987 abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to an improved process for 
preparing aromatic ?uorides by diazotization-?uorina 
tion in hydrogen ?uoride. 

Preparation of aromatic ?uorides from correspond 
ing aromatic primary amines by diazotization-?uorina 
tion processes is well known. In such processes, (A) an 
aromatic primary amine is diazotized in a reaction mix 
ture comprising (i) a reaction medium consisting essen 
tially of hydrogen ?uoride, (ii) the amine and (iii) a 
nitrosonium ion~containing or -generating diazotization 
agent under reaction conditions such that the resulting 
reaction mixture comprising the resulting aromatic dia 
zonium ?uoride typically further comprises one or 
more oxidizing agents, eg nitrous acid or other ni 
trosonium ion-containing or -generating composition, 
whereby the reaction mixture has a positive oxidation 
potential as shown by its production of oxidant-indicat 
ing blue color on test paper impregnated with starch 
and potassium iodide, and (B) the aromatic diazonium 
?uoride is decomposed at elevated temperature in the 
resulting reaction mixture to nitrogen and the aromatic 
?uoride. 
The presence‘of oxidizing agent, such as excess ni 

trosonium ion, in the reaction mixture wherein the dia 
zonium ?uoride is being decomposed results in substan 
tially increased corrosion, low yields of the desired 
aromatic ?uoride, and formation of undesired by 
products such as resinous material and tar. The pres 
ence of oxidizing agent in the reaction mixture results 
from, for example, charging a nitrosonium ion-contain 
ing or generating diazotization agent in an amount in 
excess of the amount stoichiometrically required for 
diazotization of the entire amount of aromatic primary 
amine employed. Such an excess is often intentionally 
employed to maximize the amount of amine converted 
to diazonium ?uoride. In other instances, such excess 
per se is not intentionally employed; rather, it is desired 
merely to convert the entire amount of the amine, but 
due either to loss of some of the diazotization agent 
(e.g., loss of some nitrous acid as NO or N02) or one or 
more other reasons it is necessary to test the reaction 
mixture as with starch-potassium iodide paper to deter 
mine whether a sufficient amount of the diazotization 
agent has been added. Since such test merely shows the 
presence or absence of oxidizing agent (e.g. nitrous 
acid), additional diazotization agent (e. g. sodium nitrite) 
is added until the starch-potassium iodide test shows the 
characteristic oxidant-indicating blue color, corre 
sponding to at least a slight excess of diazotization 
agent. 

Preparation of diazonium salts by reaction of primary 
aromatic amines with nitrous acid is discussed by 
Morrison and Boyd, Organic Chemistry, 1959, pages 
570-571. According to Morrison and Boyd, nitrous acid 
is generated in the presence of the amine by the reaction 
between sodium nitrite and a mineral acid, “usually” 
hydrochloric acid or sulfuric acid; diazotization is “gen 
erally” carried out in a way wherein the amine is dis 
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2 
solved or suspended in an “aqueous solution” of the 
mineral acid and excess sodium nitrite is added, thereby 
generating excess nitrous acid which interferes with 
subsequent reactions of the diazonium salt; and accord 
ingly the excess nitrous acid is “destroyed” by the addi 
tion of urea, which reacts with nitrous acid to form 
nitrogen, carbon dioxide and water. 

Unfortunately, in the course of attempting to solve 
the problems which are substantially overcome by this 
invention, addition of urea to a diazotized reaction mix 
ture containing at least one nitrosonium-ion based oxi 
dizing agent in a reaction medium consisting essentially 
of hydrogen ?uoride was found to be ineffective for 
destroying the oxidizing agent. Other agents which 
proved to be ineffective for destroying the oxidizing 
agent are hydroxylamine and its salts, metabisul?des 
and iron compounds. Sulfamic acid, an agent which has 
largely supplanted the use of urea as a NO+ quencher in 
aqueous systems, was found to be ineffective in HF due 
to its poor solubility and resulting slow reaction rate. 
Phosphorous chloride was found to be an effective 
agent, but results in unwanted chloride-containing by 
products such as HCl. The present invention effectively 
solves the problems associated with destroying the oxi 
dizing agent in diazotized reaction mixtures without 
resulting in unwanted by-products. 
Various compounds which were thought to be ni 

trous acid scavengers were compared in Fitzpatrick et 
al., J. Chem. Soc. Perkin Trans. II p. 927-932 (1984), 
including urea, hydroxylamine, hydrazoic acid, hydra 
zine, sulphamic acid, and 4-nitroaniline. The tests were 
conducted over a range of acidity of 0-1.5M HClO4 to 
determine which compounds were the best nitrous acid 
scavengers. The acidity levels tested in the Fitzpatrick 
article are about a magnitude of about 103-109 weaker in 
acidity than the HF solution of a diazotization reaction. 
It has been found, therefore, that the results of these 
tests do not help in determining effective nitrous acid 
scavengers for these reactions. For example, as noted 
above, urea and hydroxylamine hydrochloride were 
found to be ineffective and did not react with dilute 
N0+ in HF. Sulfamic acid powder reacted slowly be 
cause of its lack of solubility in HF. Hydrazoic acid, 
which was listed in the Fitzpatrick article as one of the 
best nitrous acid scavengers at the acidity levels tested, 
is very toxic and decomposes at the high acidities found 
in HF solutions used in diazotization-?uorination reac 
tions. Hydrazinium ion, while listed as a nitrous acid 
scavenger, is only sparingly soluble in HF. Using ni 
troanilines, as suggested by the article, complicates the 
diazotization-?uorination process since the resulting 
diazonium salts decompose at much higher tempera 
tures, resulting in a toxic, potentially explosive waste. 
Also, excess nitroaniline that is undiazotized must be 
eliminated from the HF residue because of its toxicity 
and established Environmental Protection Agency lim 
its. 

Therefore, the problem of destroying excess nitrous 
acid in HF solution could not be solved by the use of 
traditional nitrous acid scavengers, since the reaction of 
these scavengers is unpredictable in the high acidity 
levels present. 

SUMMARY OF THE INVENTION 

It has now unexpectedly been found that 80;, hydra 
zinc and other particularly de?ned compounds are ef 
fective for decomposing nitrosonium ion-containing 
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oxidizing agents in diazotized reaction mixtures com 
prising aromatic diazonium ?uoride and a reaction me 
dium consisting essentially of hydrogen ?uoride, 
thereby reducing the oxidation potential of such mix 
tures. 

Surprisingly and unexpectedly, it has been further 
found that excess amounts of the compounds of this 
invention can be employed without causing a decrease 
in the yield of aromatic ?uoride obtainable upon de 
composition of the diazonium ?uoride at elevated tem 
peratures in such reaction mixture. 

Generally stated, therefore, the present invention 
provides an improvement in the above-described, here 
tofore known diazotization-?uorination process 
wherein a diazotized reaction mixture comprising an 
aromatic diazonium ?uoride in hydrogen ?uoride fur 
ther comprises at least one nitrosonium ion-containing 
oxidizing agent. The improvement comprises, prior to 
decomposing the diazonium ?uoride, adding to the 
diazotized reaction mixture a member selected from the 
group consisting of hydrazine, aromatic hydrazine, 
semicarbazide, thiosemicarbazide and acid salts thereof, 
sulfur dioxide, sodium sul?te and sodium bisul?te. The 
acid salts of hydrazine, aromatic hydrazine, semicarba 
zide, and thiosemicarbazide may be selected from the 
group consisting of the hydrochloride salts, sulfate salts 
and bi?uoride salts. The 80;, hydrazine or other mem 
ber is added in an amount effective to reduce the oxida 
tion potential of the resulting mixture and decompose at 
least a major portion of the oxidizing agent. 
Aromatic ?uorides prepared by the improved pro 

cess of the present invention are useful as intermediates 
for preparing a variety of end-use products, including, 
for example, various pesticides, herbicides, and pharma 
ceuticals such as tranquilizers and the like. 

DETAILED DESCRIPTION OF THE 
INVENTION AND OF THE MANNER AND 
PROCESS OF MAKING AND USING IT 

In the initial step of the process of this invention, 
there is formed a liquid amine-HF solution comprising 
liquid hydrogen ?uoride (HF) and, dissolved herein, the 
particular aromatic primary amine to be diazotized to 
the corresponding aromatic diazonium ?uoride. In 
keeping with well known techniques for handling HF, 
the solution is preferably formed in a vessel having 
internal surfaces which are resistant to degradation by 
HF. Such surfaces may be formed, for example, of stain 
less steel or, preferably, te?on. The aromatic amine is 
added with stirring to sufficient liquid HF to prepare an 
amine-HF solution wherein the resulting dissolved 
amine remains dissolved at 0° C. 
The process of the present invention may be used for 

all aromatic amines which are diazotizable under HF 
acid conditions. Such diazotizable aromatic amines in 
clude diazotizable carbocyclic aromatic primary amines 
(e.g. amino-benzenes) and heterocyclic aromatic pri 
mary amines (e. g. amino-pyridines), including heterocy 
clic aromatic primary amines containing structures 
wherein benzene is condensed with a heterocyclic ring. 
Included by such amines are carbocyclic and heterocy 
clic mono-amines and carbocyclic and heterocyclic 
polyamines (e.g. diamines). Such amines include, for 
example, amines derived from such carbocyclic aro 
matic compounds as benzene, biphenyl, diphenylmeth 
ane, diphenyl ether, condensed benzenoids such as 
naphthalene and anthracene, and from such heterocy 
clic aromatic compounds as pyridine, quinoline and 
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4 
isoquinoline. The aromatic ring or rings in the aromatic 
amines may be unsubstituted or substituted with one or 
more substituents selected from the group consisting of 
alkyl (e.g. linear or branched alkyl having 1 to 12, pref 
erably 1 to 4, carbon atoms), alkoxy (e.g. linear or 
branched alkoxy having 1 to 12, preferably 14, carbon 
atoms), halo (e.g. chloro, ?uoro and bromo), nitro, 
cyano, acyl (e.g. linear or branched acyl having 1-4 
carbon atoms, such as acetyl), acylamino (e.g. 
acetylamino), carboxy and hydroxy. 

Suitable carbocyclic aromatic primary amines in 
clude, for example, aniline; methoxyaniline (e.g., para 
anisidine); chloroaniline and bromoaniline in which the 
chloro or bromo group is in the ortho, meta or para 
position relative to the amine group; toluidines such as 
ortho-, meta- and para-aminotoluene; and ring 
halogenated (e.g., ring-chlorinated or ring-brominated) 
derivatives of such toluidines, e. g., 2-chloro-6-aminotol 
uene (also called 6-chloro-ortho-toluidine); ortho-, 
meta- and paraphenylene diamine; methylene dianilines 
such as 3,3'-, 4,4’- and 3,4’-methylene dianiline; biphenyl 
amines, e.g. 3,3’-diamino-biphenyl, 4,4'-diamino-biphe 
nyl and 3,4’-diamino-biphenyl. Suitable heterocyclic 
aromatic primary amines include, for example, 2-, 3- and 
4-aminopyridine; diaminopyridines such as 2,6 
diaminopyridine; haloaminopyridines such as 2-amino 
4-, 5- and 6-chloropyridine and 3-amino-5- and 6 
chloropyridine; nitroaminopyridines such as Z-amino-S 
nitro-pyridine; and alkylaminopyridines such as 2 
amino-4-, 5- and é-methylpyridine and 2-amino-4,6- _ 
dimethylpyridine. 

In a preferred embodiment of this invention, the aro 
matic amine is aniline and the resulting diazotized amine 
is benzene diazonium ?uoride, which can be decom 
posed to ?uorobenzene (also called phenyl ?uoride), 
which is useful as an intermediate for preparing insecti 
cides, larvacides and tranquilizers. In another preferred 
embodiment, the aromatic amine is 6-chloro-ortho 
toluidine and the resulting diazotized amine is 6-chloro 
ortho-toluene diazonium ?uoride, which can be decom 
posed to 2-chloro-6-?uorotoluene, which is useful as an 
intermediate for preparing herbicides and pharmaceuti 
cals. In still another preferred embodiment, the aro 
matic amine is 4~?uoroaniline and the resulting 4-?uoro 
benzene diazonium ?uoride can be decomposed to 1,4 
di?uorobenzene, which is useful as an intermediate for 
preparing herbicides and pharmaceuticals. 
As indicated above, the amine is dissolved in a suffi 

cient amount of HF such that the amine remains dis 
solved at 0° C. Such amount of HF is as follows for the 
indicated amines: 

Amine Moles HF/Mole of Amine 

Aniline 6:1 
Z-chloro-o-toluidine 6:1 
4-?uoroaniline 6:1 
4,4'-Methylene dianiline 9:1 

The corresponding amounts for other amines can be 
readily determined by those skilled in the art. 
A diazotization agent which contains or forms NO+ 

(the nitrosonium ion) is added with stirring to sufficient 
liquid HF to prepare a solution of nitrosyl ?uoride in 
HF wherein the dissolved agent remains dissolved at 0° 
C. Suitable diazotization agents include, for example, 
alkali metal nitrites (e.g., sodium nitrite and potassium 
nitrite), nitrous halide, nitrous oxide, nitrous acid and 
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nitrous anhydride. Sodium nitrite is preferred. An 
amount of HF corresponding to a ratio of at least 12 
moles of HF per mole of sodium nitrite has been found 
sufficient. Sufficient amounts of HF for other diazotiza 
tion agents can be readily determined by those skilled in 
the art. 
The process of the present invention is based on the 

chemical reaction represented by the following illustra 
tive equation: 

where Ar is an aromatic moiety of the aromatic mono 
or polyamine Ar(NH2)m, m is an integer of 1, 2 or more 
and preferably is l or 2, and NaNOz illustrates the diaz 
otization agent. 
Hydrogen ?uoride acts as both a reactant (e.g., a 

source of ?uorine for the aromatic diazonium ?uoride 
being prepared) and as the medium for the diazotization 
reaction. In order to serve as the reaction medium, there 
is employed an amount of HF in excess of the amount of 
HF required for use as such reactant. The amount of HF 
employed in each solution is preferably such that the 
total amount of HF in the amine-HF solution and nitro 
syl ?uoride solution introduced into the reactor results 
in introduction of from about (3+m) to about 30 moles 
and preferably from about (15+m) to 20 moles of HF 
per mole of introduced amine where m is the number of 
diazotizable - NH; groups per molecule of the amine. In 
general, amounts of HF less than (3 + m) moles per mole 
of amine result in unacceptably low autothermal de 
composition temperatures, thereby risking uncontrolla 
ble reaction at otherwise desirable reaction tempera 
tures and rates and/or requiring economically unac 
ceptable reductions in reaction temperature and rate to 
safeguard against such risk. Amounts of more than 30 
moles of HF per mole of amine generally result in unac 
ceptably slow preparation of aromatic diazonium ?uo 
ride and/or unacceptably high cost of HF recovery. 
The hydrogen ?uoride may be added as aqueous hydro 
?uoric acid-containing, for example, from about 3 to 
about 30 or more percent by weight of water, prefera 
bly containing at least 70 percent by weight of HF (dry 
basis). However, better yields and greater freedom from 
tar, phenols and other by-products in subsequent de 
composition of the diazonium ?uoride to the aromatic 
?uoride can be obtained by employing at least substan 
tially anhydrous hydrogen ?uoride, i.e., not containing 
more than about 2% by weight water, and preferably 
not more than 0.1% water. 
The HF solution of diazotization agent is added with 

stirring to the HF-amine solution at a suf?ciently slow 
rate and with suf?cient cooling of the resulting reaction 
mixture such that the temperature of the reaction mix 
ture is maintained from about — 10° C. to about 10° C. 
Alternatively, the diazotization agent may be added 
directly to an HF-amine solution. However, such solu 
tion should contain all the HF desired to be used. The 
time required for addition of the diazotization agent 
depends on cooling capacity and rate of diazotization. 
In general, such addition can be completed in from 10 
minutes or less to 10 hours or more without exceeding 
the temperature limitation. In general, the diazotization 
reaction proceeds to completion within a short time 
(e.g. 0.5 to 2 minutes) after completion of addition of the 
diazotization agent. The reaction rate is temperature 
and concentration dependent such that a low tempera 
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6 
ture and low concentration may give a slower reaction 
rate and may result in incomplete diazotization. 
Inasmuch as nitrosonium-ion oxidizing agent has del 

eterious effects on the decomposition of diazonium 
?uoride (as noted above), the reaction mixture should 
be tested for presence of oxidizing agents. If present, 
e.g. by virtue of excess addition of diazotization agent, 
contacting a sample of the reaction mixture with ?lter 
paper impregnated with a mixture of starch and potas 
sium iodide will result in a characteristic dark blue spot 
on the test paper. 
Where the presence of such oxidizing agent is con 

?rmed, then in accordance with the present invention 
there is added to the reaction mixture a member se 
lected from the group consisting of hydrazine, aromatic 
hydrazine, semicarbazide, thiosemicarbazide or an acid 
salt of any of the foregoing, sulfur dioxide, sodium sul 
?te and sodium bisul?te. The acid salt of the members 
hydrazine, aromatic hydrazine, semicarbazide and thi 
osemicarbazide preferably may be the hydrochloride 
salt, the sulfate salt or the bi?uoride salt. The preferred 
aromatic hydrazine for use in the process of this inven 
tion is phenylhydrazine. 
The addition of one of these agents results in a reduc 

tion of the oxidation potential of the solution by decom 
posing the oxidizing agent and forming gaseous by-pro 
ducts of nitrogen, carbon dioxide or nitric oxide. The 
temperature of the reaction mixture during such addi 
tion is maintained below the decomposition tempera 
ture of the diazonium ?uoride and preferably below 20° 
C. Nitrogen or nitrogen and carbon dioxide or nitric 
oxide is rapidly formed and evolved by the resulting 
reaction, thereby providing a highly visible sign of the 
efficacy of the addition. The reaction is usually com 
plete within seconds. 
Although it is not necessary that all oxidizing agent 

be effectively removed by the addition of hydrazine, 
S0; or other selected compound, better results are ob 
tained by complete removal of oxidizing agent. The 
amount of hydrazine, S0; or other compound which 
may be used in the process of this invention to effect 
complete removal of the oxidizing agent is dependent 
on the amount of nitrosonium-ion oxidizing agent pres 
ent in the solution as determined by methods known to 
one skilled in the art. Since the rates and kinetics of 
diazotization vary depending on the amine employed, 
resulting in varying amounts of oxidizing agent being 
present, the amount of the compound required will also 
vary. Preferably, the hydrazine, S01 or other com 
pound is added slowly with periodic monitoring of the 
reaction mixture as by the starch/ potassium iodide test 
described above. When such test ceases to show a blue 
spot, removal of oxidizing agent is complete. As indi 
cated above, it unexpectedly has been found that the 
presence of excess hydrazine, S0; or other selected 
compound in the reaction mixture does not result in a 
decrease of the yield of aromatic ?uoride obtainable 
upon decomposition of the diazonium ?uoride. 

In the process of this invention, the discovery that 
these compounds are effective agents for eliminating 
the excess, oxidizer was quite surprising. As set forth 
above, urea, a known reducing agent, is ineffective as an 
agent for eliminating the excess oxidizer in diazotization 
reactions. The process of the invention involves more 
than simply adding a reducing agent to the solution. 
While not wishing to be bound to a particular theory, it 
is believed that a reducing agent that does not bind too 
tightly or that is very reactive is required for the elimi 
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nation of the excess oxidizer in diazotization reactions 
and that these additives act as scavengers which scav 
enge excesses of oxidizer in the diazonium hydro?uoric 
acid solution prior to decomposition. The compounds 
disclosed herein unexpectedly perform effectively in 
diazotization reactions, thus solving many of the known 
problems of these reactions. 
The addition of sulfur dioxide, alkali sul?te, alkali 

bisul?te, or another agent which generates SO; in situ to 
the diazonium solution containing excess diazotizer 
(oxidizer) eliminates the oxidizer as evidenced by the 
quick evolution of nitrogen oxide and as indicated by a 
subsequent negative KI/ starch oxidizer test. The nitro 
gen oxide gas evolved during the ensuing reaction is 
predominantly nitric oxide, but nitrous oxide and nitro 
gen also can be evolved. 

Sulfur dioxide is one of the preferred agents in the 
process of this invention, although S02 would not be 
expected by one skilled in the art to work as a scaveng 
ing or reducing agent in this process. The use of S02 in 
the process of the present invention is unexpected since 
S02 can be used as a solvent for diazotization according 
to the following reaction: 

+ NOCl + excess 802% 

+ E20 + excess $02 

In this reaction, the acidity is low and NOCl does not 
react with the 80;, but in the system of the present 
invention, NOF(HF)=reacts quickly with $02. 

Additionally, it is known that phenylsulfenic acid can 
form upon decomposition of an aromatic diazonium salt 
in the presence of S02. Unexpectedly, however, the 
yields of ?uorobenzene from the process of the instant 
invention are unaffected by the presence of 50;, which 
indicates that formation of phenylsulfenic acid appar 
ently does not occur, leaving the S0; available to react 
with the oxidizer and remove‘ the oxidizer from the 
solution. 
When S02 is used, it may be added as a gas, liquid, or 

solution in H2O, HF and/or H2804. As it is preferred to 
minimize the amount of H20 in the solution, the pre 
ferred method for adding S02 to the diazonium solution 
is as a gas by a continuous regulated system after diazo 
tization of the aromatic amine. The S0; gas may be 
added from a regulated gas cylinder of 80; gas into an 
inline mixer where liquid diazonium contacts the S02 
gas. When S02 is used in the process of this invention, 
it is believed that the NOF.(HF)X (nitrosyl ?uoride in 
HF) formed by adding sodium nitrite to hydrogen fluo 
ride (liquid) reacts with S02 to result in the following 
reaction equation: 
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The use of SO; in this process does not result in any 
unwanted by-products. 
An agent which generates SO; in situ also may be 

used and will effectively eliminate excess oxidizer. 
Agents which generate SO; in situ include alkali sul?te 
and alkali bisul?te, preferably sodium sul?te or sodium 
bisul?te. In aqueous solution, the addition of sodium 
sul?te or sodium bisul?te to a diazonium salt would 
generally result in its reduction to the phenylhydrazine, _ 
as in the following reaction: 

+ Na2SO3(aq) + dill-1C1 01013.“; 

However, phenylhydrazine cannot be detected in the 
solution resulting from the addition of sodium sul?te or 
sodium bisul?te in the process of the present invention. 
This is true even when S02 is used as a co-solvent with 
HF. These compounds generate S02 in situ when dis 
solved in a strong acid, such as HF. These agents may 
be added to the solution in solid form. 

Another of the preferred additives is hydrazine, 
which may be used in hydrated form such as the com 
mercially available form containing approximately 85 
percent by weight water. While hydrazine is only spar 
ingly soluble in HF, it has unexpectedly been found to 
be highly reactive in the HF solutions of the present 
invention. Hydrazine has a considerable heat of solva 
tion in HF. Accordingly, hydrazine is preferably used in 
hydrated form and initially mixed with water (e.g. in 
about 1:1 weight ratio) prior to addition to the reaction 
mixture. More preferably, the aqueous mixture is di 
luted by separately mixing HF (e.g. 4 parts HF per one 
part of aqueous mixture) “and, after cooling, the result 
ing mixture is added to the reaction mixture containing 
the oxidizing agent to be treated. 

After treatment with the agent for eliminating the 
oxidizer in the diazonium solution, the reaction mixture 
is warmed by application of external heat to a sufficient 
temperature to form the aromatic fluoride with evolu 
tion of gaseous nitrogen. The rate of warming or heat 
ing is preferably moderated to avoid violent evolution 
of nitrogen, i.e., avoiding such rapid nitrogen evolution 
that liquid reaction mixture would be entrained in the 
nitrogen gas exiting the reaction vessel. For the same 
purpose and to increase the yield of the aromatic fluo 
ride being formed, the temperature of the reaction mix 
ture during conversion of the diazonium ?uoride to the 
aromatic ?uoride is preferably not permitted to exceed 
that temperature at which violent evolution of nitrogen 
would occur. If the aromatic amine is aniline, for exam 
ple, such temperature is about 45° C. The correspond 
ing temperature for other aromatic amines can be 
readily determined by routine observation. Decomposi 
tion time may vary from 0.5 seconds or less to 25 hours 
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or more. The various reactions are preferably con 
ducted at atmospheric pressure in a type 304 stainless 
steel reactor. 
The resulting aromatic ?uoride product may conve 

niently be recovered from the reaction mixture by de 
canting the organic phase directly either with or with 
out a co-solvent and distilling or steam distilling the 
aromatic ?uoride after neutralization. 

Practice of the present invention is further illustrated 
by the following non-limiting examples. All parts and 
percentages given throughout this disclosure, including 
the examples and appended claims, are by weight unless 
otherwise indicated. 

EXAMPLE 1 

To a 4-oz. polyethylene bottle (4 ?uid ounces) cooled 
to ~15° C. was charged liquid anhydrous HF, 4.88 
moles, 97.6 grams (g), followed by slow addition of 
aniline (0.7655 mole, 71.29 g) with stirring and cooling, 
thereby preparing a solution of aniline in HF (the “ani 
line-HF solution”). To another 4-oz. polyethylene bot 
tle cooled to - 15° C. was charged liquid anhydrous HF 
(9.28 moles, 185.6 g), followed by incremental addition 
of granular ‘sodium nitrite (0.8030 mole, 55.41 g) with 
stirring and cooling. The resulting solution of nitrosyl 
?uoride in HF (containing approximately 0.8030 mole 
of nitrosonium-ion diazotization agent) was slowly 
added with stirring to the aniline-HF solution (0.7655 
mole of aniline) while maintaining the temperature of 
the resulting diazotizatin-reaction mixture slightly 
below 10° C. 
The resulting reaction mixture contained benzene 

diazonium ?uoride as a solute in hydro?uoric acid. 
Testing with KI-starch solution showed that the mix 
ture contained at least one oxidizing agent and was 
strongly oxidizing, i.e. characterized with appreciable 
oxidation potential. The theoretical (stoichiometric) 
amount of benzene diazonium ?uoride was 0.7655 mole 
(i.e., equal to the molar amount of the 0.7655 mole ani 
line, the limiting reactant due to the addition of excess 
sodium nitrite), which corresponds to 395.9 g of the 
diazonium ?uoride. Two samples of the mixture were 
taken, hereinafter referred to as Mixture A and Mixture 
B, in amounts corresponding to, respectively, 273.8 g 
(0.5294 mole) and 11.41 g (0.2231 mole) of the theoreti 
cal amount of benzene diazonium ?uoride. The two 
mixtures were treated as follows. 

Mixture A 

Mixture A was heated to 40° C. in a 2-liter Parr reac 
tor for 21: hours to decompose the diazonium ?uoride. 
After standing overnight, the reactor was cooled to 0'’ 
C. and slowly vented. The resulting black mixture was 
transferred to a te?on separatory funnel. The resulting 
dark purple organic phase separated very slowly from 
the black HF phase. The organic phase was observed to 
be essentially ?lled with a purple tar-like material. 
There were recovered from the separatory funnel 71.55 
g (63.5 ml) of organic phase and 169.66 g (130 ml) of HF 
phase. 
The liquid in the organic phase was decanted, 

thereby yielding a tar-like emulsion (48.2 g, 40.5 ml) and 
decanted organic liquid (23.35 g, 23 ml). The weight 
“loss” (17.8 g) was attributed to tar hold-up on the 
reactor wall. Based on analysis of the organic liquid 
phase by HPLC (i.e., high performance liquid chroma 
tography), ?uorobenzene was obtained in an amount of 
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10 
about 22.8 g (0.237 mole), a 44.8% yield based on ani 
line. 

Mixture B 

To Mixture B in a poly-bottle was added with stirring 
hydrazine sulfate (2.0 g, 0.015 mole) at a mixture tem 
perature of about 5°~l0° C. There was an immediate 
evolution of nitrogen, which was essentially complete 
at the end of a 2-minute period. Excess hydrazine sulfate 
formed a layer on the bottom of the poly-bottle. Testing 
with KI-starch solution indicated absence of oxidizing 
agents. The resulting mixture was poured into a 450-ml 
Parr reactor and thereafter heated at 45° C. until evolu 
tion of nitrogen ceased, thereby decomposing the diazo 
nium ?uoride. The reactor was thereafter cooled and 
slowly vented. The resulting mixture was poured into a 
te?on separatory funnel. Upon standing for a brief per 
iod, the mixture separated into an organic phase and an 
HF phase. The organic phase was light brown and 
clearly delineated from the dark brown HF phase. 
There were recovered from the separatory funnel 

19.75 g (20 ml) of organic liquid phase and 87.76 g (67.5 
ml) of HF phase. Based on analysis of both phases by 
H.P.L.C., ?uorobenzene was obtained in a total amount 
of about 19.65 g (0.2044 mole), a 91.6% yield based on 
aniline. 

EXAMPLE 2 

Benzene diazonium ?uoride (98.62 g, 0.1877 mole ) 
was prepared in HF substantially in accordance with 
the procedure of Example 1 using a 5% overcharge of 
sodium nitrite -_(0.648 g, 0.00939 mole). Urea (2.21 g, 
0.0368 mole) was added, to the resulting diazotized 
product mixture with stirring at 5° C. for 15 minutes. 
Thereafter, testing with KI-starch solution showed that 
the mixture continued to contain at least one oxidizing 
agent and continued to be strongly oxidizing, i.e. char 
acterized with appreciable oxidation potential. The 
urea-treated mixture was poured into a 450-ml Parr 
reactor and thereafter heated to 46° C. until evolution of 
nitrogen ceased, thereby decomposing the diazonium 
?uoride. The reactor was thereafter cooled and slowly 
vented. The resulting mixture was poured into a te?on 
separatory funnel. Upon standing for a brief period, the 
mixture was observed to be similar to the mixture result 
ing from the decomposition step for Mixture A in Ex 
ample 1, including presence of a black tarlike emulsion 
of the resulting HF phase in the resulting organic phase. 

EXAMPLE 3 

Benzene diazonium ?uoride (130.04 g, 0.2475 mole) 
was prepared in HF substantially in accordance with 
the procedure of Example 1 using 5% excess sodium 
nitrite. Hydrazine hydrate (85%) (1.00 g, 0.0266 mole) 
was diluted 1:1 with 1.00 g of deionized water, and the 
resulting mixture was added to anhydrous HF (9.51 g, 
0.476 mole) while cooling in a dry ice methanol bath. 
The hydrazine-HF solution (11.45 g) was added all at 
once to the benzene diazonium ?uoride solution. Nitro 
gen evolution took place over a period of less than a 
minute. Thereafter, testing with KI-starch solution 
showed absence of oxidizing agent in the mixture. Next, 
decomposition of the diazonium ?uoride was effected 
substantially in accordance with the procedure of Ex 
ample 2. The resulting mixture was poured into a te?on 
separating funnel. Upon standing for a brief period, the 
mixture separated into two clear brown phases (an or 
ganic phase and an HP‘ phase). ‘ 
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There were recovered from the separatory funnel 
20.89 g (21 ml) of organic phase and 110.86 g (86 ml) of 
HF phase. Based on analysis of both phases by HPLC, 
?uorobenzene was obtained in a total amount of about 
22.20 g, (0.2309 mole), a 93.3% yield based on aniline. 

EXAMPLE 4 

Benzene diazonium ?uoride was prepared in HF 
substantially in accordance with the procedure of Ex 
ample l. HPLC analysis of the resulting mixture by 
beta-naphthol coupling indicated a concentration of 
0.001984 mole of the diazonium ?uoride per gram of 
mixture. Testing with KI-starch solution showed that 
the mixture contained at least one oxidizing agent and 
was strongly oxidizing, i.e. characterized with apprecia 
ble oxidation potential. 
A 65.48 g, 0.130 mole sample of the mixture was 

treated with thiosemicarbazide hydrochloride (0.05 g, 
0.00039 mole). Thereafter, testing with KI-starch solu 
tion showed absence of oxidizing agent in the mixture. 
Next, decomposition of the diazonium ?uoride was 
effected substantially in accordance with the procedure 
of Example 2. The resulting mixture was poured into a 
te?on separating funnel. Upon standing for a brief per 
iod, the mixture separated into two brown phases (an 
organic phase and an HF phase). 
There were recovered from the separatory funnel 

10.24 g (10 ml) of organic phase and 49.91 g (39 ml) of 
HF phase. Based on analysis of both phases by HPLC, 
?uorobenzene was obtained in a total amount of about 
10.20 g (0.1061 mole), an 81.6% yield based on aniline. 

EXAMPLE 5 

Aniline (75.37 g, 0.8093 mole) in liquid hydrogen 
?uoride (101.6 g, 5.08 mole) was diazotized by the drop 
wise addition of a solution of sodium nitrite (56.47 g, 
0.8184 mole) in liquid hydrogen ?uoride (216.4 g, 10.82 
moles). The temperature of diazotization was main 
tained below 15° C. with an ice bath. Twenty minutes 
after the addition of all the nitrite solution, a KI/starch 
solution test on the resultant solution indicated the pres 
ence of unreacted nitrite. The diazonium solution 
(421.40 g) was poured into a 2 Liter Parr reactor. The 
reactor was sealed and placed in a 40° C. water bath. 
The stirring rate was 300—400 rpm which was main 
tained for two hours. The reactor was left standing to 
cool. Nitrogen was slowly vented so as to minimize the 
HF loss. The reactor was opened and the contents were 
poured into a 1 liter P.F.A. separatory funnel. The two 
phases were separated. The light green HF phase 
(313.33 g, 245 ml) was drained into a tared plastic 500 
ml graduated cylinder. The brown organic phase con 
tained some dark brown polymeric material (“diazo 
tars”). The whole organic phase containing the poly 
meric material weighed 76.80 g (75.5 ml). The crude 
?uorobenzene was decanted free of the liquid polymer. 
The organic liquid decanted weighed 63.71 g (63.5 ml), 
and by difference the wetted polymer weighed 13.09 g, 
occupying a volume of 12.0 ml. The liquid was drawn 
from the wetted polymer by vacuum ?ltration through 
a 5 micron T.F.E. ?lter. A brown solid 10.49 g re 
mained which smelled of the ?uorobiphenyl by 
products. Both organic and HF phases made-up the 
filtrate. The ?ltrate (6.85 g) was placed into a P.F.A. 
separatory funnel. The layers were separated into tared 
polybottles. The weight of the organic and HF phases 
were 2.48 g and 4.35 g, respectively, with evaporative 
losses accounting for 5.77 g. A small sample of the 
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brown polymeric solid was taken for HPLC. The re 
mainder was sequentially washed with dichlorometh 
ane, methanol, and water which afforded 0.14 g of tan 
amorphous solid after drying. ~ 
Each phase from the ?ltrate was combined with its 

respective reaction layer. Samples of the combined 
crude HF and organic phases were diluted in methanol 
HPLC analysis. Fluorobenzene content was as follows: 
HF phase contained 0.13 g, 0.0013 mole; organic phase 
contained 61.66 g., 0.642 mole; and the polymer sample 
contained 0.036 g, 0.00037 mole. The total ?uoroben 
zene accounted for was 61.83 g, 0.643 mole for a 79.5% 
yield from aniline. The total mass accountability from 
the diazonium solution added to the reactor was 96.7%. 

EXAMPLE 6 

To an aniline (21.26 g, 0.2283 mole) solution with 
liquid hydrogen ?uoride (27.5 g, 1.38 mole) as solvent 
was added dropwise a solution of sodium nitrite (16.90 
g, 0.245 mole) in liquid hydrogen ?uoride (50-0 g, 2.50 
moles). The temperature of the resulting diazotization 
was maintained below 15° C. by cooling the polyethyl 
ene container in an ice bath with stirring. Fifteen min 
utes after the addition of all the nitrite solution, a small 
aliquot of the diazonium solution was added to an aque 
ous solution of potassium iodide and starch. The KI/ 
starch solution turned black indicating excess nitrite. To 
the diazonium solution was transferred sulfur dioxide 
(S02) (1.4 g, 0.022 mole) from a lecture bottle. Outgas 
sing was noted to occur from the solution. The KI/ 
starch test was now negative. The diazonium solution 
(117.5 g) was poured into a 450 ml Parr reactor. The 
reactor was sealed and heated until the dediazotization 
became autogeneous as indicated by the temperature 
and pressure rise. The reactor was cooled to below 
room temperature in an ice bath. The nitrogen was 
slowly vented to minimize the hydrogen ?uoride loss. 
The contents of the reactor were poured into a P.F.A. 
separatory funnel. The light green HF phase (86.26 g) 
and light brown crude ?uorobenzene phase (20.04 g) 
were separated into tared polyethylene bottles. Samples 
of each phase were neutralized in 100 ml volumetric 
?asks containing methanol for analysis by high pressure 
liquid chromatography equipped with a UV detector at 
254 nanometers. The concentration of the product 
?uorobenzene was measured relative to an external 
standard using a digital integrator to compare area 
count. The yield of ?uorobenzene from aniline was 
85.0% with 4.1% of the total mass lost in transfers. 

BEST MODE CONTEMPLATED 

The best mode contemplated for carrying out this 
invention has been set forth in the above description, for 
example, by way of setting forth preferred materials and 
operating conditions, including but not limited to pre 
ferred ranges and values of amounts and other nonobvi 
ous variables material to successfully practicing the 
invention in the best way contemplated at the time of 
executing this patent application. 

It is understood that the foregoing detailed descrip 
tion is given merely by way of illustration and that 
many modi?cations may be made therein without de 
parting from the spirit or scope of the present invention. 
What is claimed: 
1. In a diazotization-?uorination process for prepar 

ing an aromatic ?uoride from a corresponding diazotiz 
able aromatic primary amine wherein (A) the amine is 
diazotized in a reaction mixture comprising (i) a reac 
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tion medium consisting essentially of hydrogen ?uoride, 
(ii) said amine and (iii) a nitrosonium ion-containing or 
-generating diazotizing agent under reaction conditions 
such that the resulting reaction mixture comprising the 
resulting aromatic diazonium ?uoride further comprises 
one or more oxidizing agents, whereby said resulting 
reaction mixture produces oxidant-indicating blue color 
on test paper impregnated with starch and potassium 
iodide, and (B) the aromatic diazonium ?uoride is de 
composed at elevated temperature in said resulting re 
action mixture to nitrogen and the aromatic ?uoride, 
the improvement which comprises, prior to decompos 
ing said diazonium ?uoride, adding to said resulting 
mixture a member selected from the group consisting of 
hydrazine, aromatic hydrazine, semicarbazide, thi 
osemicarbazide, acid salts thereof, sulfur dioxide, so 
dium sulfite, and sodium bisul?te, said member being 
added in an amount effective to reduce the oxidation 
potential of said resulting mixture and substantially 
decompose said agent. 

2. The process of claim 1 wherein the acid salts of 
hydrazine, semicarbazide, and thiosemicarbazide are 
selected from the group consisting of their hydrochlo 
ride salts, sulfate salts and bi?uoride salts. 

3. The process of claim 1 or 2 wherein said member is 
added in an amount sufficient to reduce said oxidation 
potential to zero. 
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4. The process of claim 3 wherein the added amount 

of said member exceeds the amount required to reduce 
said oxidation potential to zero. 

5. The process of claim 1 wherein said member is 
hydrazine. 

6. The process of claim 5 wherein the hydrazine is 
hydrated. 

7. The process of claim 6 wherein the hydrazine is 
added as an aqueous solution thereof. 

8. The process of claim 7 wherein said solution fur 
ther comprises HF. 

9. The process of claim 1 wherein said member is 
hydrazine sulfate. 

10. The process of claim 1 wherein said member is 
thiosemicarbazide or an acid salt thereof. 

11. The process of claim 10 wherein said member is 
thiosemicarbazide hydrochloride. 

12. The process of claim 1 wherein said member is 
sulfur dioxide. 

13. The process of claim 12 wherein said sulfur diox 
ide is added as a gas. 

14. The process of claim 1 wherein said member is 
sulfur dioxide formed in situ by the addition of sodium 
sul?te or sodium bisulfite. 

15. The process of claim 1 wherein said member is 
phenylhydrazine. 

* * it * * 
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